The consumption protocol used during alcoholic beverage tasting may affect aroma perception. We used an integrated approach combining sensory analysis and physicochemistry to investigate the impact of swallowing on aroma release and perception. A panel of 10 persons evaluated the dynamics of aroma perception during the consumption of a commercial flavored vodka, using the method of temporal dominance of sensations. Two protocols (spitting out or swallowing of the product) were tested. Nosespace analysis was simultaneously carried out by proton transfer reaction mass spectrometry to evaluate aroma release in the nasal cavity. Comparison of the results obtained with the 2 protocols highlighted significant differences in both the perception and the release of aroma: the swallowing of the product resulted in more complex perceptions but decreased the dominance rates of aromatic attributes. Ethanol perception also had an impact when the product was swallowed. Aroma release data partly accounted for the differences in perception, particularly as concerned ethanol release. The time at which dominance appears as well as the dominance duration of some attributes can be related to some temporal parameters of release data. But the lack of knowledge concerning the variety and complexity of mechanisms continues to limit our understanding of relationship between aroma release and perception.
Introduction
Consumer preferences and choices depend largely on the sensory properties of food and in particular flavor perception. In the field of alcoholic beverages, published studies have mostly dealt with product characterization and authentication or with the effect of product composition on aroma release and/or sensory properties (Campo et al. 2005; Le Berre et al. 2007; Holt et al. 2008) . In addition to its composition, the overall perceived flavor of a food is mainly impacted by the way in which volatile aroma compounds are released in the mouth and transported to the olfactory receptors in the nose during food consumption. A number of physiological (mastication, swallowing, breath, etc.) , biochemical (enzymatic and biological reactions), physicochemical (partition, heat, and mass transfers) and physical (product fragmentation, dissolution and/or dilution) processes occur and interact within the mouth during food consumption. The key role of one of these processes, swallowing, in the delivery of aroma compounds to the olfactory receptors has been extensively described (Buettner et al. 2001; Wright et al. 2003; Chen 2009 ). Swallowing is particularly important in the drinking of beverages, which requires only limited oral manipulations, resulting in the product remaining in the mouth for a short period (Normand et al. 2004; Rabe et al. 2004; Hodgson et al. 2005) . The actual moment of swallowing can induce major aroma pulses (Buettner et al. 2002; Hodgson et al. 2003; Ruijschop et al. 2008 ), thereby making a major contribution to the sensory image of the beverage.
The development of analytical techniques, such as gas chromatography-olfactometry, atmospheric pressure chemical ionization-mass spectrometry (APCI-MS), proton transfer reaction-mass spectrometry (PTR-MS), MS-nose associated with videofluoroscopy, electromyography, and real-time magnetic resonance imaging, has provided new opportunities for obtaining information about the oral processes occurring during food consumption (Buettner et al. 2002; Hodgson et al. 2003; Blissett et al. 2006) . Their characteristics in terms of fastness and sensitivity made possible to use them while eating a food product (agreement between time scales of oral processes and measurement sampling). They also enabled the study of the behavior of volatile compounds during the swallowing process and notably the determination of their temporal release profile (Friedrich and Acree 1998; Boscaini et al. 2004; De Souza et al. 2006; Spitaler et al. 2007; Plutowska and Wardencki 2008; Lasekan and Otto 2009; Saenz-Navajas et al. 2010) . These studies have confirmed that there is a relationship between swallowing and aroma release in the nasal cavity, but they have also highlighted the crucial importance of the characteristics of the product in addition to oral physiology. A high degree of variability in swallowing patterns has also been found between individuals, with some individuals performing simple swallowing actions whereas others incorporate learned tasting behaviors into their everyday consumption routines to adapt their consumption habits to their physiological requirements (Blissett et al. 2007; Buettner and Beauchamp 2010) .
In the field of alcoholic beverages, expert panels often make use of specific tasting techniques and complex protocols to evaluate sensory properties (Peynaud 1996) . In particular, products can be tasted without swallowing, to limit the effect of ethanol ingestion. Perceptions are thus evaluated in conditions that do not really represent actual consumption conditions in the real world. The importance of swallowing for perception, largely described in literature (Buettner 2003; Buettner et al. 2002; Pionnier et al. 2004; Apréa et al. 2006; Blissett et al. 2006; Visschers et al. 2006; Welge-Lüssen et al. 2009 ), raises questions about the possible influence of tasting conditions on perception of the sensory properties of the product. Some works dealt with the effect of active oral processes on release and/or on perception (Burdach and Doty 1987; Buettner and Schieberle 2000; Hodgson et al. 2003; Mayr et al. 2003; Haahr et al. 2004; Buettner and Beauchamp 2010; Mestres et al. 2006; Tarrega et al. 2008 ). But only very few studies effectively compared phenomena occurring when liquid products were swallowed or spat out and only from a sensory point of view (Bartoshuk et al. 1982; Burdach and Doty 1987; Franck et al. 1989) .
In this context, the aim of this study was to quantify the impact of tasting protocol (with or without swallowing of the product) on both aroma release and perception in the case of a commercial flavored vodka. The originality of this study was to propose an integrated approach, through the simultaneous application of sensory and instrumental dynamic methods. It has already been used with success in previous works on solid products (Déléris et al. 2011) and may help in improving our understanding of the relative roles of physiology and physicochemistry in flavor release and perception in the case of beverage drinking. Moreover, results could be useful to food industries to adapt and improve their tasting protocols during the phases of product development and characterization to better fit to consumer expectations in term of sensory properties.
Materials and methods

Product
The alcoholic beverage used in this study was a commercial flavored vodka (75 mL bottle, 40% v/v ethanol) supplied by the industrial partner. We used a 2-fold dilution of the product throughout this study to reduce the ethanol content of samples (to ensure that the panellists experienced no discomfort and that instrumental constraints for analytical measurement were satisfied). This dilution procedure is often recommended in applied sensory research when alcoholic beverages are evaluated (ASTM-E1879-00 2004 Mac xatelli et al. 2010 ). This product dilution was nonetheless in line with certain consumption habits or protocols used by expert panels for the testing of this type of products. Gas chromatography-MS analysis of the product extract identified 23 key volatile components (Table 1) . These molecules belonged to several chemical families and had a wide range of physicochemical properties and sensory notes.
Aroma compounds
We used pure aroma compounds for the determination of fragmentation patterns during PTR-MS measurements (Table 1 ). All these compounds were purchased from SigmaAldrich (food-grade quality). A concentrated stock solution of each compound was prepared in propylene glycol (SigmaAldrich) and used throughout the study for sensory and physicochemical measurements.
PTR-MS measurements
A high-sensitivity PTR-MS instrument (Ionicon Analytik) was used for in vitro and in vivo measurements (Lindinger et al. 1998) . The PTR-MS instrument drift tube was thermostatically controlled (60°C) and operated at a set voltage of 600.1 (±0.4) V. The 1.5 m transfer line between the experimental setup or panellist and PTR-MS inlet was also thermostatically controlled (60°C, H300 DN4 heated hose series; Hillesheim GmbH) to prevent condensation phenomena.
Mass/charge ratios m/z 21 (signal for H 3 18 O + ) and 37 (signal for water clusters H 2 O-H 3 O + ) were systematically monitored, to check the performance of the instrument and to detect cluster ion formation. For determinations of the fragmentation patterns of aroma compounds (in vitro), measurements were made in scan mode, from mass/charge ratio m/z 21 to 210, with a dwell time per mass of 0.1 s. We measured in vivo release kinetics in multiple ion detection mode, focusing on seven specific masses (depending on the assay), with a dwell time per mass of 0.1 s. The principal values of the parameters used are summarized in Table 2 . Several previous studies have highlighted the impact of ethanol on ionization processes occurring within the drift tube of the PTR-MS instrument and the dependence of these effects on ethanol concentration (Boscaini et al. 2004; Apréa et al. 2007; Spitaler et al. 2007 ). We therefore determined the fragmentation patterns of aroma compounds from solutions of individual aroma compounds prepared in the reference product (a 3-fold dilution of the spirit). The final aroma compound concentrations of solutions varied from 0.12 mg/L (citronellyl acetate) to 191 mg/L (frambinone) and were selected so as to give gaseous concentrations in the measurement range of PTR-MS (<10 ppmv).
We placed 10 mL of aroma solution in a 0.10-L flask (Schott). Flasks were hermetically sealed with three-valve caps (Omnifit) and incubated in a thermostatically controlled vault maintained at 25°C for 12 h, to allow thermodynamic equilibrium to be established between the product and the headspace. After this equilibration period, we used the valves to purge the headspace for about 5 min (scan mode from m/z 21 to 210, 0.1 s/mass, 15 cycles) with a constant air flow (fixed at 120 mL/min, Brooks 5860S mass flow meter; Brooks Instruments), with 15 mL/min injected into the PTR-MS reaction chamber. Three replicates were performed for each solution.
Subjects
Ten panellists (7 men/3 women, from 19 to 45 years of age, all members of the laboratory) were recruited for the study. They were all volunteered and were available for the study over a period of one and half month. They had no known illnesses at the time of examination and self-reported normal olfactory and gustatory functions. The panellists were not informed of the aims of the experiment but were told about the type and amount of product they were expected to consume (alcoholic beverage). They signed a letter of engagement committing them to the respect of safety rules. They were specifically trained to perform sensory analyses in parallel with in vivo measurements. They were told not to smoke, eat, drink, or use any persistent scented product for at least 1 h before the session. One hour after each session, a breath test was performed to check the concentration of ethanol in the air exhaled by panellists.
Consumption protocol for sensory and in vivo measurements
All measurements were performed over a 4-week period. Panellists were served 5 mL of the beverage in a 70-mL hermetically sealed cup at room temperature (20°C). Samples were given three-digit code numbers at random and were presented independently. Two consumption protocols were tested. Panellists were asked to put the total amount of product in the mouth and to hold it for 10 s while making tongue movements. They then had to spit the product out (protocol 1) or to swallow it (protocol 2). The 2 protocols took slightly different lengths of time to complete, the protocol involving the spitting out of the product taking 3 s longer than the protocol in which the product was swallowed. This difference was taken into account for data treatment. Between samples, panellists were asked to clean their mouths with unsalted crackers and water.
Sensory experimental procedure
Sensory analysis was performed by the temporal dominance of sensations method (TDS, Pineau et al. 2009 ). Some limits of this methodology have been mentioned in literature when compared with sensory profiling or with time-intensity method: it only enables the evaluation of dominant sensation sequences issued from the reduced list of attributes and cannot provide the full-time intensity profile for each attribute over time. Moreover, at the moment, the evaluation of panel and panelist performances can be difficult to assess ). Yet, TDS method appeared to be relevant when the dynamics of perception are concerned (Lenfant et al. 2009 ): in addition to the monitoring of the intensity of several attributes over consumption time, it provides supplementary temporal information on qualitative changes perceived during the drinking process that are not measurable with the conventional sensory profile and is less time consuming than the time-intensity method.
Subjects attended 4 training sessions, at which they learned how to discriminate between the aromatic attributes chosen for product characterization (in both aqueous and hydroalcoholic solutions). They also received training relating to the tasting protocol, to the use of the TDS method on the computer screen (Fizz; Biosystèmes 1999), and to the detection of the dominant sensation.
A list containing three aroma attributes (''fruity,'' ''green,'' ''fatty'') and one chemesthetic attribute (''warm'') was proposed to panellists to describe product perceptions. Contrarily to aroma perceptions due to volatile release, the ''warm'' perception mainly results from the stimulation of chemesthetic receptors located in the posterior part of the tongue (Mattes and DiMeglio 2001) . Given the difficulty of the task for panellists (simultaneous short-term sensory analysis and in vivo measurement), we asked panellists to click on the button corresponding to the dominant attribute perceived (chosen from the list) at the moment at which it was perceived. The dominant attribute was defined as the sensation retaining the most attention during the drinking process. An attribute remained dominant until replaced by another attribute. During the evaluation of a product, panellists were free to select the same attribute several times. The order in which the attributes were listed was randomized for each panellist, to limit the preferential use of the first attributes listed. For each individual panellist, the attributes were listed in the same order for different runs. Subjects could stop acquisition by pressing a ''stop'' button when no more sensations were perceived. Otherwise, data acquisition stopped automatically after 180 s. Data were collected on computer equipped with Fizz software (Biosystèmes).
Dominance rates (the percentage of panellists selecting a given attribute as dominant at a specific time) were calculated, by attribute, for each protocol and reported for each time of consumption, generating TDS curves. These graphs were interpreted with respect to 2 reference lines ). The ''chance level'' corresponds to the dominance rate that could be reached by chance for a given attribute. Its value, P 0 , is equal to 1/p, p being the number of attributes. The ''significance level'' is the minimum value that must be reached for the dominance rate to be considered significantly higher than P 0 and is calculated from the confidence interval of a binomial proportion based on a normal approximation ).
For further analysis of data, we extracted 2 parameters from TDS curves: (i) the mean duration D (for all panellists), defined as the cumulative duration for which a given attribute was selected and (ii) the mean time T (for all panellists), corresponding to the first time point at which a given attribute was selected.
Measurements of in vivo aroma compound release kinetics
The in vivo release of aroma compounds was characterized simultaneously to TDS measurements. Nosespace air was sampled via the two inlets of a stainless steel nosepiece, which were inserted into the nostrils of the panellists (one on either side). The system was fixed on glasses to allow the panellists to drink reasonably normally. The inlet of the PTR-MS instrument was connected to the sampling device via a 1/16'' polyether ether ketone tube maintained at 60°C.
Ions m/z 47 (from ethanol) and 59 (from acetone) were monitored, to follow ethanol release and the presence of metabolites on the panellists' breath, respectively (Weel et al. 2002) . On the basis of the fragmentation patterns of the individual compounds, 9 ions were selected for in vivo experiments, such that the corresponding fragments can be related to sensory attributes. The acquisition frequency was kept consistent with the phenomena measured (residence time in the mouth of several seconds during the consumption of a beverage), by monitoring only 7 masses during a single measurement. As ions corresponding to m/z 21, 37, 47, and 59 were systematically monitored, 3 different runs were performed for each set of conditions. Each assay lasted 10 min. Six sessions of 45 min each were organized to obtain 4 replicates for each protocol, each subject, and each ion. During a session, subjects were asked to taste 4 samples (2 replicates per protocol), according to a defined procedure, to minimize interindividual variability. The air in the room was first analyzed for 10 s. The sampling device was then positioned in the 2 nostrils, and the panellists were asked to breathe regularly for 30 s (breath analysis). They were then asked to put the entire sample into the mouth and to keep it there for 10 s whilst making tongue movements before either spitting it out or swallowing it. The PTR-MS signal was then monitored for 3 min. During all measurements, the panellists were asked to keep their mouths closed and to breathe exclusively through the nosepiece. The time at which the panellist began to swallow was noted. The breath of the panellists was checked before each new measurement to ensure that there was no persistent signal from the last tasting. The main intensities of the PTR-MS signal obtained during analysis of the panellist's breath (before the product was placed in the mouth) were subtracted from the PTR-MS signals obtained during product consumption. Release curves were divided into 2 main periods: (i) the oral phase of consumption (phase 1) and (ii) the phase after the product had been swallowed or spat out (phase 2). The following release parameters were extracted from each individual release curve and for each phase of product consumption (subscripts 1 for the phase before swallowing and 2 for the phase after swallowing): maximal intensities (I max1 and I max2 ), times at which I max occurred (t max1 and t max2 , which were calculated from the moment at which the product was placed in the mouth) and areas under the curve (AUC 1 and AUC 2 ). The use of arbitrary units for aroma release data was sufficient for analysis of differences as the aim was to compare the extent of aroma release between consumption protocols. The time at which the products were placed in the mouth was used as a reference for data comparison.
Statistical analysis
Data analysis was performed with SAS software release 9.1 (SAS Institute Inc.) and Fizz data treatment software (Biosystèmes).
Based on the fragmentation pattern of aroma compounds obtained by PTR-MS, we carried out a principal component analysis (PCA) to identify the molecules or groups of molecules responsible for generating the fragments obtained.
For in vivo measurements, we carried out an analysis of variance (Pothakamury and Barbosa-Cánovas 1995) , with 2 factors (panellist and protocol) and their interaction and Student's t-tests were performed on each parameter extracted from in vivo release curves and from TDS curves with the general linear model and t-test modules of the SAS software package. When significant differences were highlighted (P < 0.05), means were compared in StudentNewman-Keuls full comparison tests.
Results
Determination of the fragmentation spectra of ethanol and aroma compounds
Several published studies have reported probable changes in ionization reactions in the drift tube with increasing ethanol content of the sample (Boscaini et al. 2004; Apréa et al. 2007 ; Impact of Swallowing on the Perception of Alcoholic Beverages 705 Spitaler et al. 2007) . In this study, ethanol content was fixed (around 13% v/v). Thus, even if ionization within the drift tube was modified, the modification was the same for all samples and did not hinder data comparison.
For an ethanol concentration of 13% v/v, the main fragments from ethanol were ions m/z 47 (protonated ethanol, C 2 H 5 OHH + , relative proportion 100%), m/z 75 (C 2 H 5 + C 2 H 5 OH, relative proportion 18.5%) and m/z 93 (ethanol clusters, C 2 H 5 OHH + -C 2 H 5 OH, relative proportion 32%). These findings are consistent with published data (Boscaini et al. 2004) .
The fragmentation patterns of aroma compounds prepared in 3-fold dilution of the product are presented in Table 3 . These results suggested that all aroma compounds produced a large number of fragments under these PTR-MS operating conditions. Most of the fragments produced were common to several molecules (for instance, m/z 43, 46, 55, 83, 89, or 117). To go further in data treatment, a PCA was performed to highlight the existence of molecule groups on the basis of their fragmentation patterns (Figure 1 ). The first 2 principal components explained 31.85% and 18.01% of the total variance in the data sets. Molecule scores in the PCA map show that some aroma compounds (methyl cinnamate, massoia lactone) were separated from others (trans-3-hexenol, ethyl hexanoate, (Z)-3-hexenyl acetate, trans-3-hexenyl acetate) along the first component. Linalol was separated from all others aroma compounds on the second component. The diagram reveals 3 sites at which molecules and fragments are related to each other. Ions m/z 41, 46, 49, 57, 61, 63, 91, 103, and 107 showed high negative loadings on the first principal components and correlated well with some aroma compounds (methyl cinnamate, massoia lactone, citronellyl acetate, b-ionone and (Z)-3-hexenol) (group A). Ions m/z 45, 48, 74, 81, 95, and 137 showed high positive loadings on the second component and correlated well with linalol and a-terpineol (group B). Finally, ions m/z 43, 55, 71, 76, 89, 94, 117, 118, 131 , and 145 showed positive loadings on the first principal component and correlated well with trans-3-hexenol, ethyl hexanoate, (Z)-3-hexenyl acetate, c-decalactone, hexyl (47) 71 (36) 45 (32) 118 (22) 83 (20) Relative percentages were calculated from the main peak of each compound. Only fragments with a proportion higher than 10% are listed. Fragments in bold were selected for in vivo analysis.
acetate, and trans-3-hexenyl acetate (group C). However, no fragment specific for a chemical class of aroma compounds or for a particular sensory note was clearly identified. The selection of the ions to be monitored for in vivo experiment was thus performed on the basis of 2 criteria: (i) if possible, ions must represent the 3 groups that were identified by PCA analysis and (ii) ions must be issued of the fragmentation of the most concentrated molecules in the initial product ((Z)-3-hexenyl acetate, ethyl lactate, ethyl hexanoate, (Z)-3-hexenol, citronellyl acetate, b-ionone, hexyl acetate, linalool, and c-decalactone). This led to 3 groups of 3 ions: the first was more specific to the ''green'' note (ions m/z 55, 46, and 83), the second to the ''fruity'' note (ions m/z 61, 103, and 131) and the third reflected ''overall'' aroma (ions m/z 43, 89, and 117). In this selection, no fragment representing the group B of the PCA plot was chosen for technical reasons of sensitivities. Even if this selection was quite difficult to perform due to the complexity in real product composition and molecule fragmentation, it is based on realistic concerns as sensory properties of food product are generally due to groups of molecules and not on single aroma compound.
Effect of swallowing on temporal perception
The sensory results obtained with the TDS method during the consumption of samples with the swallowing or spitting out of the product are shown in Figure 2 . When the product was spat out, a ''fruity'' note was perceived by the panel as the only dominant sensation, from the beginning of consumption and continuing for 47 s (Figure 2a) . Two peaks in the dominance rate of this attribute were detected, and a trough occurred just after the product had been spat out.
When the product was swallowed, perceptions became more complex, with the appearance of 2 other attributes in addition to the ''fruity'' note ( Figure 2b ). The ''fruity'' note was the first perceived, for a period of 10 s beginning at the start of consumption. Just after swallowing, a ''warm'' note was perceived as dominant by panellists for a period of 12 s, after which it was immediately replaced by a ''fruity'' note lasting 16 s. Finally, ''green'' note was perceived as dominant after 50 s of consumption, over a period of 5 s. In neither protocol was a ''fatty'' note recorded as dominant by the panellists at any time. The dominance rating of the ''fruity'' note was lower when the product was swallowed than when it was spat out. However, no significant difference in the mean time T and mean duration D extracted from TDS curves was found between the 2 protocols (data not shown). This result may be accounted for a high level of interindividual variability on the time at which perceptions occurred and their duration.
All these results suggest that the swallowing event affects sensory perceptions, particularly in terms of dominance rates and dominant attribute sequences (over time).
Effect of the swallowing event on in vivo release kinetics
As an illustration, some examples of release kinetics obtained for one panellist (mean of the 3 replicates) are presented in Figure 3 for several ions for both consumption protocols.
The shape of the release kinetics was ion dependent, with differences observed in release intensity, release rate, and persistence ( Figure 3) . The release of some fragments began immediately after the product was placed in the mouth and remained of limited intensity but unlimited duration (signal persistence) (ion m/z 46, for instance, Figure 3a ). For ions m/z 47, 55, 83, 117, and 131 (Figures 3b-f , respectively), a high initial rate of release was observed just after the swallowing event. The intensity of the signal was ion dependent, with the ion m/z 47 the most strongly released (Figure 3b ). For these fragments, the shape of signal decrease after swallowing was also ion dependent. For some ions, the signal persisted, with a slow return to initial levels (ions m/z 47, 55, or 83, Figure 3b-d, respectively) . For others, decrease rates were high but further peaks appeared at each new swallowing event (whether the product was initially swallowed or not) (ions m/z 117 or 131, Figures 3e,f, respectively) . These patterns were observed for all panellists, but both the amount of aroma compounds released (I max and AUC) and the shape of the release kinetics (I max and t max ) were subject to high levels of interindividual variability (data not shown).
This interindividual variability in aroma release profile has been reported before (Buettner et al. 2002) and may be attributed to anatomical and physiological differences. And it does not prevent from highlighting protocol or product Impact of Swallowing on the Perception of Alcoholic Beverages 707 differences as the extent of retronasal aroma release is a subject characteristic, independent of the type of food product that is consumed (subject who was observed as having a relatively high retronasal aroma intensity for a liquid product also appeared to have a relatively high intensity for a solid food product) (Ruijschop et al. 2009) .
A statistical analysis of the values of parameters extracted from individual release curves (all ions, all panellists, and all replicates) was carried out to improve our understanding of the impact of swallowing on aroma release. Only the significant results obtained are summarized in Table 4 . No significant interaction between protocol and panellist was identified. None of the parameters corresponding to the period before the swallowing/spitting out event differed significantly between the 2 protocols (data not shown). This was not surprising because the oral processes taking place while the product was in the mouth should have been similar for both protocols. After the swallowing or spitting out of the product, only a few parameters were significantly affected (Table 4 ). For ions m/z 47 (related to ethanol) and m/z 55, the maximal intensity after the swallowing/spitting out event (I max2 ) was greater after swallowing than after spitting out (22% and 17% greater for m/z 47 and m/z 55, respectively). Swallowing therefore resulted in an higher release of aroma than spitting out. The quantity of ions released (AUC 2 ) was greater when the product was swallowed than when it was spat out, for ions m/z 47 and m/z 83 (21% and 38% greater, respectively). Finally, the time t max2 at which intensity was maximal was significantly earlier with swallowing than with spitting out, for ions m/z 55 and m/z 117 (33% and 12% earlier, respectively).
Thus, the swallowing of the product induced an higher and earlier release of larger amounts of aroma compounds than the one obtained with spitting out but only for a limited number of ions (m/z 47, 55, 83, and 117).
Discussion
By comparing 2 drinking protocols, this study aims at characterizing the impact of the swallowing event on both aroma release and perception when liquid products are consumed. The main significant differences between the 2 tested protocols are summarized in Table 5 , for both sensory and instrumental data.
When sensory properties are concerned, more dominant attributes were perceived when the product was swallowed instead of spat out. Swallowing the product only impacted the sequence of the dominant perceptions and their dominance rate but not the mean time at which dominance occurred and its mean duration. Concerning instrumental data, only release parameters (I max , t max and AUC) for the period after the swallowing/spitting out event were impacted and for a reduced number of ions (m/z 47, 55, 83, and 117) .
The problems encountered when trying to relate complex sensory results to release data are mainly due to the parameters measured and extracted with the different methods that 
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do not necessarily correspond to the same phenomena. Sensory data reflect relations among a set of attributes measured on a relative scale and highlight differences in the sensory qualities of samples (i.e., the relative composition) rather than in the absolute intensity of physical stimuli (i.e., absolute concentrations). In contrast, analytical measurements mainly reflect information about absolute concentrations of individual constituents, irrespective of variations of other constituents. Even if relating sensory and instrumental data is a major current theme, studies available in literature are not very numerous and mainly aim at predicting perception from instrumental data rather than explaining sensory properties using instrumental data (Lindinger et al. 2008; Heenan et al. 2009; Wood et al. 2010) . In this study, the application of dynamic methods, making it possible to acquire information about sensory and release kinetics over time, enabled the characterization of the temporal dimensions of the phenomena involved and therefore their comparison. Despite the lack of specific tracers for the main sensory attributes (except for ethanol), some relationships between release and sensory data can be proposed to account for the impact of swallowing on perception.
First, the ''fruity'' note, identified as dominant very early in consumption (from 5 s), seemed to be the main characteristic note of this type of product, regardless of the protocol used. The definition of this sensory attribute is quite broad and may relate to several aroma compounds present in the product (esters, lactones, ketones, etc.) ( Table 1 ). The rapid release of some fragments of these molecules just after the product was placed in the mouth as well as the subsequent release peaks after each swallow (examples on figures 3d,e for m/z 117 and 131, respectively) can explain the dominance of this sensory attribute at the beginning and all along the consumption time. The significant decrease in the dominance rate of the ''fruity'' attribute, noted when the product was swallowed, can be attributed to the apparition of the dominance of the ''warm'' perception just after swallowing, which probably masks or decreases the dominance rates of other attributes. This has already been reported for wines, for which the intensity of perception decreased with the amount of ethanol present in the product (Escudero et al. 2007 ).
The ''warm'' dominance occurring at swallowing can be explained by physicochemical phenomena as ethanol release (instrumentally traced by monitoring ion m/z 47) was significantly greater when the product was swallowed than when it was spat out (maximal intensity I max2 and total AUC 2 ). The increased amount of ethanol measured in the nasal cavity suggests that the ''warm'' perception may be partly due to the activation of the trigeminal nerve. But it is highly probable that other nerve activations in both nasal and oral cavities (notably cranial nerves) also participate in this perception (Faurion 2004) .
Concerning the ''green'' note, it was not perceived at the beginning of consumption regardless the protocol, despite the presence of a maximal release peak of fragments m/z 55 and 83 at around 20 s (originating mostly from aroma compounds responsible for the ''green'' attribute, i.e., (Z)-3-hexenol, citronellyl acetate, b-ionone, and linalol) (Figures 3c,d) . One can assume that this sensory perception did not retain sufficiently the attention of panellists in comparison with others notes (''fruity'' and/or ''warm'') to be evaluated as dominant at the beginning of consumption. The strongest release of fragments m/z 55 and 83 when the product was swallowed (increase in I max2 and AUC 2 values) can account for the m/z 117 t max2 *(s) 20.0 (Ô7.1) 17.5 (Ô2.9) * t max values were calculated from the moment at which the product was placed in the mouth. significant dominant ''green'' note, even if it only occurred at around 50s. The signals for these fragments decreased slowly and seemed to be more persistent than the ones of others fragments, potentially accounting for the delayed perception of the ''green'' note. The existence of specific physicochemical interactions between aroma compounds responsible for the ''green'' note and pharyngeal and/or oesophageal mucosa may be proposed to explain the delayed release of these fragments and, thus, the delayed perception of this note when the product was swallowed (Buettner et al. 2002; Normand et al. 2004; Hodgson et al. 2005; Buettner and Beauchamp 2010) . The greater complexity perceived when the product was swallowed may be explained by the stimulation of a larger number of sensory receptors located in the mouth, the nasal cavity, and the throat: product coating on throat and pharynx after swallowing increased the contact area between the air and the product, which favored aroma release. With swallowing, this stimulation also happen over a longer period of time, notably because of the aforementioned specific interaction between aroma compounds and mucosa, which could induce retardation effects on aroma release. The greater complexity when product was swallowed may also be due to the prolonged presence of ethanol in the nasal cavity, which can impact sensory perceptions both at receptor and neurological levels, as already mentioned in literature Meillon et al. 2010) . Sensory interactions notably between aromatic and trigeminal perceptions can also be assumed: the dominance rating of the ''warm'' note may imply an expectation of more complex aromatic perceptions (Reinbach et al. 2007; Labbe et al. 2008; Kostyra et al. 2010) .
These results confirmed the known role of the swallowing event on aroma perception and highlighted that both sensory and physicochemical phenomena were involved. This conclusion may have implications for product formulation, depending on the way in which products are evaluated and/or consumed. The spitting out of the product is a useful protocol for the development of alcoholic products because it allows the taster to focus on aroma perception and limits the effects of ethanol ingestion. However, the results obtained must be interpreted with caution as this protocol does not correspond to the way in which beverages are actually consumed.
It is also important to note that although some relationships have been proposed, it remains difficult to relate sensory and instrumental data due to the variety and complexity of the phenomena involved (physiological, sensory, physicochemical, etc.) .
